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(57) ABSTRACT 

In a high-frequency impedance type magnetic head having 
high impedance and capable of ef?ciently detecting a change 
in impedance, an electrically conductive metal ?lm is sand 
Wiched betWeen tWo soft magnetic ?lms, and the tWo soft 
magnetic ?lms form a portion of a magnetic path. The 
thickness of one soft magnetic ?lm is smaller than the 
thickness of the other soft magnetic ?lm. The electrically 
conductive metal thin ?lm has a pair of electrodes at 
respective ends thereof, to Which are connected an oscillator 
for applying a high frequency carrier signal to the electrodes 
and a high frequency ampli?er having a demodulator circuit. 
Further, an electrically conductive metal ?lm Winding is 
provided, and a DC current is applied to the electrically 
conductive metal ?lm Winding at the time of reproduction, 
While on the other hand, a signal current is applied to the 
electrically conductive metal ?lm Winding at the time of 
recording. 

12 Claims, 12 Drawing Sheets 
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FIG. 5A 
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FIG. 12A (Prior Art) 
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MAGNETIC HEAD 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic head utilizing 
a magneto-impedance effect by Which the impedance of a 
sensing conductor is varied by application of a magnetic 
?eld, and a magnetic recording and reproducing apparatus 
using the magnetic head. 
An eXample of a magnetic reproducing head in the prior 

art is described With reference to FIG. 12A, FIG. 12B and 
FIG. 13. FIG. 12A is a perspective vieW of a magnetic 
reproducing head (hereinafter referred to as the MI head) 
utiliZing the magneto-impedance effect (MI effect) in the 
prior art, described in IEICE Technical Report MR95-80. 

In FIG. 12A, a magneto-impedance effect detector 
(hereinafter referred to as the magnetic detector) in a MI 
head 61 is con?gured by placing a thin ?lm sensing con 
ductor 42 of an electrically conductive metal thin ?lm 
betWeen tWo soft magnetic cores 46 and 47 each having a 
Width 43 approximately equal to the track Width of a 
magnetic recording medium 53. As shoWn in an enlarged 
vieW of FIG. 12B, the soft magnetic cores 46 and 47 are 
formed by alternately laminating permalloy ?lms 44 and 
SiO2 ?lms 45. 

When the MI head 61 reproduces a signal magnetiZation 
54 recorded on the magnetic recording medium 53, a high 
frequency carrier signal in the UHF band is applied from a 
high frequency oscillator 485 to the thin ?lm sensing con 
ductor 42 through a resistor 49, thereby ?oWing a high 
frequency current 50 therethrough. Then, a voltage change 
caused by the magneto-impedance effect is detected across 
terminals 51 and 52 connected to respective ends of the thin 
?lm sensing conductor 42. The easy magnetiZation aXes of 
the soft magnetic cores 46 and 47 are initially oriented in a 
direction parallel to the Width direction of the recording 
track of the magnetic recording medium 53. 
When there is no signal magnetiZation 54 on the magnetic 

recording medium 53, a voltage of a high frequency carrier 
signal arises across the terminals 51 and 52, and the voltage 
value is equal to the product of the high frequency current 
50 and the impedance betWeen these terminals 51 and 52 of 
the thin ?lm sensing conductor 42. 
When there is a signal magnetiZation 54 on the magnetic 

recording medium 53, the easy magnetiZation aXes of the 
soft magnetic cores 46 and 47 deviate from their initial 
direction of orientation because of the presence of the signal 
magnetiZation 54. As a result, the impedance across these 
terminals 51 and 52 of the thin ?lm sensing conductor 42 
decreases due to the magneto-impedance effect. 

The high frequency carrier signal is amplitude-modulated 
according to the change in the impedance of the thin ?lm 
sensing conductor 42 by the signal magnetiZation 54 on the 
magnetic recording medium 53, and thereby the signal 
magnetiZation 54 is detected. The signal magnetiZation 54 
on the magnetic recording medium 53 can be read out by 
demodulating the amplitude-modulated signal. 

The detection sensitivity of the signal magnetiZation 54 
on the magnetic recording medium 53 based on the 
magneto-impedance effect is much higher than the detection 
sensitivity based on the magnetoresistive effect. The MI 
head utiliZing the magneto-impedance effect has the possi 
bility of producing an output about 10 times as high as that 
of the knoWn giant MR head utiliZing magnetic resistance 
Which is in the process of development. 
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2 
FIG. 13 is a characteristic curve shoWing the change in the 

high frequency carrier signal level With respect to the 
magnetic ?eld applied to the MI head 61. In FIG. 13, the 
characteristic curve 56 is obtained by setting the frequency 
of the high frequency carrier signal at 1 GHZ and varying the 
strength of DC magnetic ?eld applied to the MI head 61 
placed in the central portion of the knoWn HelmholtZ coil. 

According to the characteristic curve 56, the rate of 
change of the high frequency carrier signal level is small at 
and near the point Where the applied magnetic ?eld strength 
is Zero. In order to modulate the high frequency carrier 
signal With a high degree of modulation With respect to the 
change in the magnetic ?eld strength and to obtain a high 
frequency amplitude-modulated signal With a loW distortion, 
it is desirable to give a DC bias magnetic ?eld 55 biasing the 
magnetic ?eld so as to use the linear portion of the charac 
teristic curve 56. In the above-mentioned MI head, a DC 
poWer supply 58 superimposes a DC current on the current 
of the high frequency carrier signal, in order to produce the 
DC bias magnetic ?eld 55. By ?oWing this DC current 
through the thin ?lm sensing conductor 42, a DC magnetic 
?eld is generated to bias the magnetic ?eld. 
The change rate of the impedance of the sensing conduc 

tor caused by the magneto-impedance effect is proportional 
to the product of the frequency of the high frequency carrier 
signal applied to the sensing conductor and the rate of 
change of the magnetic permeability of the soft magnetic 
cores. In order to increase in the detection sensitivity by 
increasing the change rate of the impedance of the sensing 
conductor, permalloy ?lms 44 having a large permeability 
change are used for the material of the soft magnetic cores 
46 and 47 in the prior art MI head as mentioned above. A 
laminated ?lm structure consisting of the permalloy ?lms 44 
interleaved With insulating SiO2 ?lms 45 is employed in 
order to suppress eddy currents at high frequencies. Further, 
the frequency of the high frequency carrier signal is set at 
several hundred MHZ or higher. 

BRIEF SUMMARY OF THE INVENTION 

Accompanied by the increase of the magnetic recording 
density, the track Width must be made narroWer. As the track 
Width becomes narroWer, the strength of the signal magne 
tiZation decreases. The MI head in the prior art has no 
suf?cient sensitivity With respect to such narroW track. 
Therefore, an MI head having a higher sensitivity is needed. 
An object of the present invention is to provide an MI head 
having a higher sensitivity than that in the prior art. 
The MI head utiliZing the magneto-impedance effect has 

a high reproduction sensitivity and is suitable for high 
density recording media. HoWever, since the MI head is 
exclusively for reproducing, a separate recording head must 
be used for recording. Another object of the present inven 
tion is to provide a recording and reproducing head by 
adding a recording capability to a reproducing head utiliZing 
the magneto-impedance effect. 
A magnetic head of the present invention comprises: a 

?rst, soft magnetic ?lm formed on a non-magnetic substrate; 
a second soft magnetic ?lm having a thickness smaller than 
the thickness of the ?rst soft magnetic ?lm, and formed on 
the substrate in contact With an end portion of the ?rst soft 
magnetic ?lm; an electrically conductive metal ?lm formed 
on the second soft magnetic ?lm; a third soft magnetic ?lm 
having a thickness smaller than the thickness of the ?rst soft 
magnetic ?lm, and formed on the electrically conductive 
metal ?lm so that an end portion of the third soft magnetic 
?lm contacts the ?rst soft magnetic ?lm; a magnetic path 
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portion of a soft magnetic ?lm formed on the substrate in 
contact With an end portion of each of the second and third 
soft magnetic ?lms, and having a thickness greater than the 
thickness of each of the second and third soft magnetic ?lms; 
and a return path yoke formed by facing to the magnetic path 
portion at one end portion thereof With a non-magnetic gap 
member interposed therebetWeen, contacting to the ?rst soft 
magnetic ?lm at the other end portion, and With a center 
portion thereof separated from the third soft magnetic ?lm 
by a non-magnetic portion interposed therebetWeen. 
When a high frequency current is passed through the 

electrically conductive metal ?lm, the impedance of the 
electrically conductive metal ?lm placed betWeen the second 
and third soft magnetic ?lms changes due to the magnetic 
?ux passing through the ?rst and second soft magnetic ?lms 
by an external magnetic ?eld. With this impedance change, 
the high frequency current is amplitude-modulated. By 
demodulating the amplitude-modulated current, the external 
magnetic ?eld can be, detected. In the above con?guration, 
When the second and third soft magnetic ?lms are made 
thinner than the ?rst soft magnetic ?lm, high density 
recorded signals can be reproduced With a high sensitivity. 
A magnetic head in another aspect of the present inven 

tion comprises: a ?rst soft magnetic ?lm formed on a 
non-magnetic substrate; a second soft magnetic ?lm formed 
in a region Where a portion of the ?rst soft magnetic ?lm has 
been removed (hereinafter referred to as Z region), and 
extending over the remaining ?rst soft magnetic ?lm, the 
second soft magnetic ?lm having a thickness smaller than 
the thickness of the ?rst soft magnetic ?lm; an electrically 
conductive metal ?lm formed on the second soft magnetic 
?lm Within the Z region; a third soft magnetic ?lm formed 
on the electrically conductive metal ?lm and the second soft 
magnetic ?lm, and having a thickness smaller than the 
thickness of the ?rst soft magnetic ?lm; a non-magnetic 
insulating ?lm as a gap member formed on a portion of the 
third soft magnetic ?lm; a non-magnetic portion formed on 
the third soft magnetic ?lm Within a portion corresponding 
to the Z region; and a soft magnetic ?lm as a return path 
yoke formed on the non-magnetic insulating ?lm, the non 
magnetic portion, and the third soft magnetic ?lm. 
By removing a part of the ?rst soft magnetic ?lm formed 

on the substrate, and by forming the second soft magnetic 
?lm, the electrically conductive metal ?lm, and the third soft 
magnetic ?lm in the part, the second and third soft magnetic 
?lms are formed so as to put the electrically conductive 
metal ?lm therebetWeen. By means of the above-mentioned 
con?guration, an external magnetic ?eld can be detected 
based on the change in the impedance of the electrically 
conductive metal ?lm through Which a high frequency 
current passes, caused by the external magnetic ?eld. 
Amagnetic head fabrication method of the present inven 

tion comprises the steps of: forming a ?rst soft magnetic ?lm 
on a substrate; forming a recessed portion by etching by 
means of an ion beam or the like a portion of the ?rst soft 
magnetic ?lm formed on the substrate until a substrate 
surface is exposed; forming a second soft magnetic ?lm in 
the recessed portion to a thickness smaller than the thickness 
of the ?rst magnetic ?lm; forming an electrically conductive 
metal ?lm on the second soft magnetic ?lm in the recessed 
portion; and forming a third soft magnetic ?lm on the 
electrically conductive metal ?lm. In this fabrication 
method, a portion of the ?rst soft magnetic ?lm formed on 
the substrate is etched aWay by means of an ion beam or the 
like to form a recessed portion, and the magnetic head is 
obtained by putting the electrically conductive metal ?lm 
betWeen the second and third magnetic in the recessed 
portion. 

10 

15 

25 

35 

45 

55 

65 

4 
A magnetic head fabrication method in another aspect of 

the present invention comprises the steps of: forming a ?rst 
soft magnetic ?lm on a non-magnetic substrate; removing a 
portion of the ?rst soft magnetic ?lm; forming a second soft 
magnetic ?lm in a region Where the ?rst soft magnetic ?lm 
has been removed (hereinafter referred to as Z region) and 
over the remaining ?rst soft magnetic ?lm; forming an 
electrically conductive metal ?lm on the second soft mag 
netic ?lm Within the Z region; forming a third soft magnetic 
?lm on the electrically conductive metal ?lm and the second 
soft magnetic; forming a non-magnetic insulating ?lm as a 
gap member on a portion of the third soft magnetic ?lm; 
forming a non-magnetic portion on the third soft magnetic 
?lm Within a portion corresponding to the Z region; and 
forming a soft magnetic ?lm as a return path yoke on the 
non-magnetic insulating ?lm, the non-magnetic portion, and 
the third soft magnetic ?lm. With this fabrication method, 
the magnetic head can be fabricated using thin ?lm depo 
sition technology, and the fabrication cost can be reduced. 
A magnetic head in another aspect of the present inven 

tion comprises: a ?rst magnetic ?lm formed on a non 
magnetic substrate; a second magnetic ?lm formed on the 
?rst magnetic ?lm and having a recessed portion ink a part 
thereof; a third magnetic ?lm formed at least in the recessed 
portion of the second magnetic ?lm, and having a thickness 
smaller than the thickness of the second magnetic ?lm; an 
electrically conductive metal ?lm formed in the recessed 
portion; a fourth magnetic ?lm formed so as to hold the 
electrically conductive metal ?lm in cooperation With the 
third magnetic ?lm; a return path yoke formed With a space 
to at least the face of the electrically conductive metal ?lm, 
facing the fourth magnetic ?lm With a predetermined mag 
netic gap at one end portion, and contacting the fourth 
magnetic ?lm at the other end, an electrically conductive 
metal ?lm Winding formed passing through the space and to 
Which a recording signal is applied at the time of recording; 
a high frequency signal generator connected to respective 
ends of the electrically conductive metal ?lm, for applying 
a high frequency carrier signal at the time of reproduction; 
and a high frequency ampli?er connected to the respective 
ends of the electrically conductive metal ?lm, for demodu 
lating a high frequency signal for output at the time of 
reproduction. 
At the time of recording, the magnetic head serves as a 

recording head by applying a recording signal to the elec 
trically conductive metal ?lm Winding. At the time of 
reproduction, a recorded magnetiZation is detected as a 
change in the impedance of the electrically conductive metal 
?lm by applying a high frequency carrier signal to the 
respective ends of the electrically conductive metal ?lm. In 
this Way, the magnetic head of the present invention can be 
used for both recording and reproducing operations. 
A magnetic recording and reproducing apparatus of the 

present invention comprises: a magnetic recording and 
reproducing head having a ?rst magnetic ?lm formed on a 
non-magnetic substrate, a second magnetic ?lm formed on 
the ?rst magnetic ?lm and having a recessed portion (Z 
region) in a part thereof, a third magnetic ?lm formed at least 
in the recessed portion of the second magnetic ?lm and 
having a thickness smaller than the thickness of the second 
magnetic ?lm, an electrically conductive metal ?lm formed 
in the recessed portion, a fourth magnetic ?lm formed so as 
to hold the electrically conductive metal ?lm in cooperation 
With the third magnetic ?lm, a return path yoke formed in 
spaced relation to at least the face of the fourth magnetic ?lm 
in a region including the electrically conductive metal ?lm, 
facing the fourth magnetic ?lm With a predetermined mag 



US 6,538,843 B1 
5 

netic gap at one end portion, and contacting the fourth 
magnetic ?lm at the other end, an electrically conductive 
metal ?lm Winding formed passing through the space and to 
Which a recording signal is applied at the time of recording, 
a high frequency signal generator connected to respective 
ends of the electrically conductive metal ?lm, for applying 
a high frequency current at the time of reproduction, and a 
high frequency ampli?er connected to the respective ends of 
the electrically conductive metal ?lm, for demodulating a 
high frequency signal for output at the time of reproduction; 
and a recording medium used for recording and reproduction 
With the magnetic recording and reproducing head. 

Since the magnetic recording and reproducing head 
includes an electrically conductive metal ?lm Winding to 
Which the recording signal is applied, the same head can be 
used for both recording and reproducing operation, and the 
apparatus can be simpli?ed in construction. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a cross-sectional vieW of a magnetic head 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a right side vieW of FIG. 1, shoWing connections 
for the magnetic head according to the ?rst embodiment of 
the present invention; 

FIG. 3 is a cross-sectional vieW shoWing dimensions of 
relevant parts of the magnetic head according to the ?rst 
embodiment; 

FIG. 4 is a graph shoWing the relation betWeen signal 
magnetiZation strength H and magnetic ?ux density B in the 
magnetic head; 

FIG. 5A and FIG. 5B are cross-sectional vieWs of the 
magnetic head according to the ?rst embodiment of the 
present invention fabricated by photolithography process; 

FIG. 6 is a cross-sectional vieW shoWing the structure of 
the magnetic head according to the ?rst embodiment of the 
present invention improved in heat dissipation; 

FIG. 7 is a cross-sectional vieW shoWing the structure of 
the magnetic head according to the ?rst embodiment of the 
present invention improved in resistance to uneven Wear; 

FIG. 8 is a plan vieW shoWing connections for a magnetic 
head according to a second embodiment of the present 
invention; 

FIG. 9 is a cross-sectional vieW of a magnetic head 
according to a third embodiment of the present invention; 

FIG. 10 is a left side vieW of the magnetic head of FIG. 
9; 

FIG. 11 is a cross-sectional vieW shoWing dimensions of 
relevant parts of the magnetic head according to the third 
embodiment of the present invention; 

FIG. 12 is a perspective vieW shoWing a prior art 
magneto-impedance head in an operating condition; and 

FIG. 13 is a graph shoWing the relation betWeen magnetic 
?eld strength and carrier signal level, illustrating the opera 
tion of the prior art magneto-impedance head. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Preferred embodiments of the present invention Will be 
described in detail beloW With reference to FIG. 1 to FIG. 11. 

[First Embodiment] 
FIG. 1 is a cross-sectional vieW shoWing the basic con 

?guration of a magnetic head according to a ?rst embodi 
ment of the present invention. In FIG. 1, a ?rst soft magnetic 
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6 
?lm 5A of an alloy (FeTaN) including iron, tantalum, and 
nitrogen is formed on top of a non-magnetic ceramic sub 
strate 21 of NiTiMg. A magnetic sensor 4 is formed by 
putting a electrically conductive metal ?lm 11 of a good 
conductor such as copper betWeen a second soft magnetic 
?lm 2 and a third soft magnetic ?lm 3 of FeTaN Which 
contact one end of the ?rst soft magnetic ?lm 5A. A 
magnetic path portion 5 of a soft magnetic ?lm of FeTaN is 
disposed at the loWer end of the magnetic sensor 4 in the 
?gure. The magnetic path portion 5 is connected to a return 
path yoke 6 of a soft magnet FeTaN With an intervenient 
SiO2 ?lm forming a magnetic gap member 8. The upper end 
of the magnetic sensor 4 is connected to the return path yoke 
6 through the soft magnetic ?lm 5A. The return path yoke 6 
is disposed on the soft magnetic ?lm 5A in proximity to the 
third soft magnetic ?lm 3. A non-magnetic portion 7 is 
formed in a portion corresponding to the electrically con 
ductive metal ?lm 1. A non-magnetic resist ?lm 7A, for 
example, is used to form the non-magnetic portion 7. The 
return path yoke 6 and the magnetic sensor 4 together form 
a ring-shaped magnetic path encircling the non-magnetic 
portion 7, thus constructing a ring head type magnetic head. 

FIG. 2 is a right side vieW of FIG. 1. In FIG. 2, electrodes 
15 and 16 are disposed at respective ends of the electrically 
conductive metal ?lm 1. A constant current high frequency 
signal oscillator 11 and DC poWer supply 20 for generating 
a bias magnetic ?eld, coupled in parallel to each other, are 
connected through a resistor 12 to a ?rst pair of electrode 
terminals 13 and 14 coupled to the electrodes 15 and 16, 
respectively. A high frequency carrier current (for example, 
1 GHZ) on Which a DC current is superimposed is let to How 
through the electrically conductive metal ?lm 1. In this state, 
When the magnetic head is moved over a magnetic recording 
medium 10, the magnetic ?ux generated from the signal 
magnetiZation 9 of the magnetic recording medium 10 ?oWs 
into the magnetic head through the gap member 8. The 
magnetic ?ux ?oWs on a closed loop passing through the soft 
magnetic ?lms 2 and 3 on respective sides of the electrically 
conductive metal ?lm 1, entering the return path yoke 6 
through the soft magnetic ?lm 5A, and returning to the 
signal magnetiZation 9 of the magnetic recording medium 
10. At this time, permeabilities of the soft magnetic ?lms 2 
and 3 at a high frequency change mainly in the vicinity of 
the electrically conductive metal ?lm 1. As a result, the 
impedance of the electrically conductive metal ?lm 1 
changes due to the MI effect in accordance With the strength 
of the signal magnetiZation 9 of the magnetic recording 
medium 10, and the high frequency carrier current is 
amplitude-modulated. A signal represented by the 
amplitude-modulated current is ampli?ed by a high fre 
quency ampli?er 19 connected to the electrodes 15 and 16, 
and the signal magnetiZation 9 is detected by demodulating 
the ampli?ed signal. The magnetic path portion 5 serves as 
a shield core for shielding against magnetic ?elds generated 
by magnetiZations other than the signal magnetiZation to be 
detected 

FIG. 3 is a cross-sectional vieW shoWing the dimensions 
of the magnetic head in a speci?c example of the present 
embodiment. 
The thickness T1 of the electrically conductive, metal ?lm 

1 is 1 pm to 2 pm, and the Width W1 is 4 pm to 6 pm. 
Preferably, the thickness T1 is 1 pm, and the Width W1 is 5 
pm. The respective thicknesses T2 and T3 of the soft 
magnetic ?lms 2 and 3 are 60 nm or less and 40 nm or less, 
respectively. Preferably, the thickness T2 is 50 nm or less, 
and T3 is 35 nm or less. The thickness T5 of the magnetic 
path portion 5 is 1 pm to 3 pm, and preferably 2 pm. The 
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thickness T6 of the return path yoke 6 is 1 pm to 3 pm, and 
preferably 2 pm. A CoCrPt-based magnetic member of a 
surface recording density of 20 gigabits per square inch is 
used as a test magnetic recording medium. A signal mag 
netiZation of 0.1 pm of recorded Wavelength is prerecorded 
on the test magnetic recording medium by using an induc 
tive type ring head. The spacing betWeen the magnetic head 
of this embodiment and the test magnetic recording medium 
is held to 100 Angstroms, and the signal magnetiZation is 
reproduced by the magnetic head of the embodiment. 

FIG. 4 shoWs the relation betWeen the signal magnetiZa 
tion strength H and the magnetic ?ux density B produced in 
the magnetic head by the signal magnetiZation 9 in conse 
quence of examination of the magnetic head in the speci?c 
example. In FIG. 4, abscissa designates the signal magne 
tiZation strength H, and ordinate designates the magnetic 
?ux density B in the soft magnetic ?lm 2 of the magnetic 
head. According to the curve in the ?gure (hereinafter 
referred to as H-B curve), the magnetic ?ux density B 
increases to a magnetic ?ux density B2 When the signal 
magnetiZation strength H reaches about a signal magnetiZa 
tion strength H2, but beyond that point, the rate of increase 
of the magnetic ?ux density B decreases. The DC poWer 
supply 20 shoWn in FIG. 2 gives a bias magnetic ?eld so that 
the magnetic ?ux density becomes a magnetic ?ux density 
Bb. In this state, When the signal magnetiZation strength H 
varies betWeen H1 and H2, the input voltage to the high 
frequency ampli?er 19 varies betWeen voltage V1 and 
voltage V2, and an amplitude-modulated signal is produced. 
The input voltage is caused to vary betWeen the voltage V1 
and voltage V2 by the folloWing action. With the change of 
the magnetic ?ux density B, the directions of the easy 
magnetization axes of the soft magnetic ?lms 2 and 3 deviate 
from their initial directions of orientation. Consequently, the 
permeabilities of the soft magnetic ?lms 2 and 3 change, the 
impedance of the electrically conductive metal ?lm 1 put 
betWeen the soft magnetic ?lms 2 and 3 changes, and the 
high frequency voltage applied from the constant current 
high frequency oscillator 11 changes. The results of various 
experiments by the inventors shoW that the H-B curve of the 
shape shoWn in FIG. 4 is obtained When the thickness of 
each of the soft magnetic ?lms 2 and 3 is set to 60 nm or less. 
It is desirable that the soft magnetic ?lm 2 is made thicker 
than the soft magnetic ?lm. 3. It has been con?rmed by 
many experiments that When the thickness of the soft 
magnetic ?lm 2 is set to 50 nm or less and the thickness of 
the soft magnetic ?lm 3 to 35 nm or less, the H-B curve of 
FIG. 4 is obtained and high density signals recorded on 
magnetic recording media can be reproduced With a high 
sensitivity. In the H-B curve, it is desirable that the ratio of 
amplitude change betWeen the voltage V1 and voltage V2 is 
10% or larger. When the thicknesses of the soft magnetic 
?lms 2 and 3 are respectively set as described above, an 
amplitude change ratio becomes 10% or larger. 

FIG. 5A and FIG. 5B are cross-sectional vieWs illustrating 
a magnetic head fabrication method of the present invention 
Which uses photolithography and thin ?lm deposition tech 
niques. In FIG. 5A, a ?rst soft magnetic ?lm 31 of the same 
alloy (FeTaN) as previously described is formed to a thick 
ness of 1 pm on the ceramic substrate 21, and the ?rst soft 
magnetic ?lm 31 in the region betWeen dashed lines c-d and 
e-f (hereinafter referred to as Z region) is removed by the ion 
beam etching process. The remaining left portion of the soft 
magnetic ?lm 31 becomes a magnetic path portion 31A. 
Subsequently, by using the same material as the ?rst soft 
magnetic ?lm 31, a second soft magnetic ?lm 32 thinner 
than the ?rst soft magnetic ?lm 31 is formed on the ?rst soft 
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8 
magnetic ?lm 331 and the magnetic path portion 31A 
including, the Z region. The electrically conductive metal 
?lm 1 approximately equal to the ?rst soft magnetic ?lm 31 
in thickness is formed in the Z region only by using copper 
(Cu). Then, by using the same alloy as described above, a 
third soft magnetic ?lm 33 thinner than the ?rst soft mag 
netic ?lm 31 is formed over the entire surface. On a left side 
portion of the third soft magnetic ?lm 33 in the ?gure, an 
insulating SiO2 ?lm as the gap member 8 is formed to 
provide a gap in the magnetic head. A thick non-magnetic 
resist ?lm 37A for forming a non-magnetic portion 37 is 
formed on the third soft magnetic ?lm 33 above the Z region. 
Finally, a soft magnetic ?lm Which serves as a return path 
yoke 36 is formed to a thickness of 1 pm. Since the magnetic 
head can be fabricated using thin ?lm deposition technology, 
the fabrication cost can be reduced. 
The left portion from the dashed line a-b in FIG. 5A is 

removed by polishing, and the magnetic head having a 
polished face 30 is completed as shoWn in FIG. 5B. The 
polished face 30 is positioned opposite to the magnetic 
recording medium 10 in recording and reproducing opera 
tion. 

FIG. 6 is a cross-sectional vieW shoWing another struc 
tural example of the magnetic head. in the ?rst embodiment. 
When a high frequency carrier current is passed through the 
electrically conductive metal ?lm 1, heat is generated. This 
heat generation causes the temperature rise of the magnetic 
head, Which could cause a change in the magnetic proper 
ties. In order to suppress the temperature rise of the magnetic 
head, a heat conductive metal ?lm 22 is formed on the 
ceramic substrate 21, and an alumina dielectric ?lm 23 
having high heat conductivity is formed on the metal ?lm 
22. The elements shoWn in FIG. 5 are formed on the 
dielectric ?lm 23. The heat conductive metal ?lm 22 serves 
to radiate the heat to the ceramic substrate 21, and is 
effective to suppress the temperature rise of the magnetic 
head. 

In the structure of FIG. 5, the SiO2 ?lm as the gap member 
8 Which is relatively hard and the magnetic path portion 31A 
are formed so as to put the second soft magnetic ?lm 32 and 
third soft magnetic ?lm 33 therebetWeen. In order to obtain 
a particularly high reproduction sensitivity, there is occasion 
that the magnetic path portion 31A is formed from FeTaN 
and the second and third soft magnetic ?lms 32 and 33 are 
formed from NiFe Which is softer than FeTaN. When the 
magnetic head of this con?guration is arranged in opposed 
relationship to a magnetic recording medium at the polished 
face 30, and recording or reproducing operation is carried 
out for a long period of time, the second and third soft 
magnetic ?lms 32 and 33 abrade greater than the magnetic 
path portion 31A. Consequently, the second and third soft 
magnetic ?lms 32 and 33 sink from the polished face 30 and 
a dent is formed. If minute magnetic particles separated from 
the magnetic recording medium enter into the dent, the 
detection sensitivity of the magnetic head Would signi? 
cantly loWers. In order to prevent the defect, as shoWn in 
FIG. 7, before forming the gap member 8 of SiO2, the 
second and third soft magnetic ?lms 32 and 33 are selec 
tively removed by ion beam etching so that the second and 
third soft magnetic ?lms 32 and 33 Will not be exposed in the 
polished face 30. As a result, only the hard SiO2 ?lm of the 
gap member 8 and the relatively hard magnetic path portion 
31A are exposed on the polished face 30, and the formation 
of the dent due to Wear can be prevented. 

[Second Embodiment] 
A second embodiment of the present invention Will be 

described With reference to FIG. 8. In the magnetic head of 
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the second embodiment, the resist ?lm 7A forming the 
non-magnetic portion 7 in the con?guration of FIG. 1 is 
replaced by an electrically conductive thin ?lm 7B formed 
from copper or the like. Remaining con?guration is the same 
as that of FIG. 1. FIG. 8 is a plain vieW of the magnetic head 
in FIG. 1, in Which the electrically conductive thin ?lm 7B 
is formed in the non-magnetic portion 7. ADC poWer supply 
24 is connected across electrode terminals 25 and 26 pro 
vided at respective ends of the electrically conductive thin 
?lm 7B, and a DC bias magnetic ?eld is formed by passing 
a DC current through the electrically conductive thin ?lm 
7B. 

In order to increase the sensitivity of the magnetic, head 
of this embodiment, it Will be effective to make the thickness 
T3 of the soft magnetic ?lm 3 in FIG. 1 and FIG. 3 smaller 
than the thickness T2 of the soft magnetic ?lm 2. Further, in 
comparison With the resist ?lm 7A formed from an organic 
material, the electrically conductive thin ?lm 7B formed for 
the non-magnetic portion 7 has better heat conductivity, and 
therefore, facilitates heat dissipation. 

In the above-mentioned embodiments, FeTaN has been 
used for the soft magnetic ?lms 2 and 3, but other magnetic 
material having excellent effective permeability at high 
frequencies, such as a Fe-based or Co-based magnetic metal 
?lm or a magnetic oxide ?lm, can also be used. Other metal 
?lms such as Au, Ag, etc. having loW speci?c resistance can 
be used as replacement for copper of the electrically con 
ductive metal ?lm. The gap member 8 has been formed from 
SiO2, but it may be formed from an alumina, glass, or other 
inorganic dielectric ?lm. For the substrate, a substrate of 
AlTiC, other ceramic material, glass-based material or even 
a carbon substrate may be used as replacement for the 
NiTiMg ceramic substrate. Also, alumina has been used as 
the dielectric material having high heat conductivity, but 
other dielectric material may. be used. Furthermore, Au, Ag, 
brass, or other metal having a high heat conductivity are also 
usable as replacement for copper for the heat conductive 
metal ?lm 22. 

[Third Embodiment] 
FIG. 9 is a cross-sectional vieW of a magnetic recording 

and reproducing head of this embodiment fabricated With 
thin ?lms by using photolithography. As shoWn in FIG. 9, a 
?rst soft magnetic ?lm 122 of amorphous CoNbZr is formed 
to a thickness of about 1 pm on the surface of a ceramic 
substrate 121. A second soft magnetic ?lm 102 of FeTaN is 
formed to a thickness of about 1 pm on the ?rst soft magnetic 
?lm 122, and the portion of the second soft magnetic ?lm 
102 betWeen horiZontal lines (c) and (d) (this portion Will 
hereinafter be referred to as Z region) is removed by ion 
beam etching, thereby forming a recessed portion. As a 
result, the second soft magnetic ?lm 102 is divided into tWo 
portions, and the loWer portion in the ?gure Will be referred 
to as a soft magnetic ?lm 105. Subsequently, a third soft 
magnetic ?lm 103 of FeTaN thinner than the second soft 
magnetic ?lm 102 is formed, for example to a thickness of 
50 nm on the second soft magnetic ?lm 102, the soft 
magnetic ?lm 105 and the Z region. The second and third 
soft magnetic ?lms 102 and 103 are each selected to have 
permeability higher than that of the ?rst soft magnetic ?lm 
122. 

According to experiments conducted by the inventors, it 
is desirable that the permeability of the ?rst soft magnetic 
?lm 122 is selected to be one tenth or less of the perme 
abilities of the second and third soft magnetic ?lm 102 and 
103. On top of the third soft magnetic ?lm 103 in the Z 
region, an electrically conductive metal ?lm 101 of copper 
(Cu) or the like is formed to a thickness approximately equal 
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to the thickness of the second soft magnetic ?lm 102. After 
smoothing the surfaces of the third soft magnetic ?lm 103 
and electrically conductive metal ?lm 101, a fourth soft 
magnetic ?lm 104 of FeTaN is formed over the surfaces so 
as to put the electrically conductive metal ?lm 101 betWeen 
the third and fourth soft magnetic ?lms 103 and 104. An MI 
sensor is formed by the electrically conductive metal ?lm 
101 and the third and fourth soft magnetic ?lms 103 and 104. 
Since the third soft magnetic ?lm 103 is extremely thin, an 
effect Which Will be described in detail later is not only 
obtained, but also surface smoothing process is carried out 
With a high ef?ciency. Moreover, irregularity of the surfaces 
of the various ?lms can be reduced in the subsequent 
forming steps. Particularly, the fourth soft magnetic ?lm 104 
and the return path yoke 106 Which are sequentially formed 
in the later steps can be made Without deterioration in the 
magnetic properties. 

Subsequently, an insulating ?lm of SiO2 is formed on the 
third soft magnetic ?lm 103 in a portion forming a gap 108 
of the magnetic head. A non-magnetic resist ?lm 107A is 
formed on a portion called a “coil WindoW 107” located on 
the fourth soft magnetic ?lm 104 adjacent to the Z region. 
An upper half of the return path yoke 106 is formed on a 
region 106A of the fourth soft magnetic ?lm 104. A spiral 
Winding 123 of an electrically conductive metal ?lm is 
formed on the return path yoke 106 in the region 106A and 
in the non-magnetic resist ?lm 107A. Finally, a loWer half of 
the return path yoke 106 is formed in the region 106B on the 
non-magnetic resist ?lm 107A including the spiral Winding 
123 so as to be connected to the upper half of the return path 
yoke 106 at an upper end. The return path yoke 106 is 
formed by a soft magnetic ?lm of 1 pm thick. 

FIG. 10 is a left side vieW of the magnetic head in FIG. 
9. In FIG. 10, the spiral Winding 123 is coupled at respective 
ends to tWo common contacts of a selector sWitch 131. The 
spiral Winding 123 is connected at the time of reproduction 
to the DC poWer supply 120 and at the time of recording to 
a recording ampli?er 133 Which outputs a recording signal. 
Electrodes 116 and 115 are provided at respective ends of the 
electrically conductive metal ?lm 101. The electrode termi 
nals 113 and 114 are connected to the respective electrodes 
115 and 16 via connecting lines. 

Operation of the magnetic head of this embodiment Will 
be described With reference to FIG. 9 and FIG. 10. 
When a recording operation is carried out by using the 

magnetic head of this embodiment, the selector sWitch 131 
is turned to the left so as to connect the spiral Winding 123 
to the recording ampli?er 133. Furthermore, sWitches 134 
and 135 are opened to disconnect a high frequency oscillator 
111 and high frequency ampli?er 119 from the electrically 
conductive metal ?lm 101. When a small recording signal 
current ?oWs through the spiral Winding 123, the magnetic 
?ux passes through the return path yoke 106 through the 
second and third soft magnetic ?lms 102 and 103, because 
the permeability of the ?rst soft magnetic ?lm 122 is smaller 
than the permeability of the second and third soft magnetic 
?lms 102 and 103. Consequently, a magnetic ?eld is made 
in the gap 108. When a large recording signal current ?oWs, 
the third soft magnetic ?lm 103 saturates because its thick 
ness is extremely small. As a result, the permeability of the 
third soft magnetic ?lm 103 signi?cantly decreases, and the 
magnetic ?ux does not pass through the third soft magnetic 
?lm 103 but passes through the ?rst soft magnetic ?lm 122 
Which is not yet saturated. Since the thickness of the ?rst soft 
magnetic ?lm 122 is greatly increased compared With the 
second and third soft magnetic ?lms 102 and 103, the 
magnetic head does not saturate even When the large record 
ing signal current ?oWs. 
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When a reproducing operation is carried out by using the 
magnetic head, the switches 134 and 135 are closed to 
connect the high frequency ampli?er 119 to the electrode 
terminals 113 and 114, and also connect the high frequency 
oscillator 111 via a resistor 112, thereby ?oWing a high 
frequency current. Furthermore, the sWitch 131 is turned to 
the right, and the DC poWer supply 120 is connected to the 
spiral Winding 123 so as to How a DC current to the spiral 
Winding 123 and thus apply a DC bias to the magnetic head. 
In this state, When the magnetic head is positioned on the 
magnetic recording medium 110, the magnetic ?ux gener 
ated from the signal magnetiZation 109 on the magnetic 
recording medium 110 ?oWs into the magnetic head through 
the gap 108. The magnetic ?ux ?oWs along a closed loop 
passing through the third and fourth soft magnetic ?lms 103 
and 104 placed on respective sides of the electrically con 
ductive metal ?lm 101, then entering from the upper ends 
thereof into the return path yoke 106, and ?nally returning 
to the signal magnetiZation 109 on the magnetic recording 
medium 110. High frequency permeability of the third and 
fourth soft magnetic ?lms 103 and 104, in particular, in 
portions surrounding the electrically conductive metal ?lm 
101, is changed by the magnetic ?ux, and the impedance of 
the electrically conductive metal ?lm 101 changes due to the 
magneto-impedance effect. As a result, the Waveform of the 
high frequency voltage being applied to the electrically 
conductive metal ?lm 101 changes according to the strength 
of the signal magnetic ?eld generated by the signal magne 
tiZation 109 on the magnetic recording medium 110, and an 
amplitude-modulated signal is produced. The high fre 
quency ampli?er 119 demodulates and ampli?es this 
amplitude-modulated signal. The soft magnetic ?lm 105 in 
the loWer end portion of the magnetic head serves as a shield 
core Which shields the magnetic head against magnetic ?elds 
generated by magnetiZations other than the signal magneti 
Zation to be detected. It is desirable that the soft magnetic 
?lm 105 is formed by a soft magnetic ?lm of thickness 1 pm 
to 3 pm and have as small reluctance as possible. 

FIG. 11 is a diagram shoWing preferred dimensions of 
relevant parts of the magnetic head in a speci?c example of 
the third embodiment. The thickness T1 of the electrically 
conductive metal ?lm 101 is 1 pm, and the Width W1 is 5 
pm. The thicknesses T2 and T3 of the third and fourth soft 
magnetic ?lms 103 and 104 formed to put the electrically 
conductive metal ?lm 101 therebetWeen are 50 nm and 35 
nm, respectively. The thickness T5 of the soft magnetic ?lm 
105 is 1 pm, the thickness T7 of the resist ?lm ?lled into the 
coil WindoW 107 is 2 pm, and the thickness T6 of the return 
path yoke 106 is 2 pm. A CoCrPt-based magnetic material 
With a surface recording density of 20 gigabits per square 
inch is used for the magnetic recording medium 110, and the 
spacing betWeen the magnetic head and the magnetic record 
ing medium 110 is set at 10 nm. Then, recording and 
reproduction Were performed by using the magnetic head of 
this embodiment, and the relation betWeen the recorded 
signal magnetiZation and the magnetic ?ux density in the 
magnetic head Was examined. 

The graph of FIG. 4 shoWs the relation betWeen the signal 
magnetiZation strength H and the magnetic ?ux density B 
produced in the magnetic head by the signal magnetiZation, 
Which Was obtained by examination of the magnetic head of 
the above-mentioned example. A bias magnetic ?eld Was 
applied by using the DC poWer supply 120 in FIG. 10 so as 
to set the magnetic ?ux density B at Bb. The graph of FIG. 
4 shoWs the result of the examination. The FIG. 4 is used in 
common With the ?rst embodiment. In FIG. 4, abscissa 
designates the strength H of the signal magnetiZation 109, 
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and ordinate designates the magnetic ?ux density B in the 
third soft magnetic ?lm 103 of the magnetic head. According 
to the curve in FIG. 4, the magnetic ?ux density B increases 
as shoWn by B2 until the signal magnetiZation strength H 
reaches about H2, but beyond that point, the rate of increase 
of the magnetic ?ux density B decreases. In this condition, 
When the signal magnetiZation strength H varies betWeen 
H1and H2, the input voltage to the high frequency ampli?er 
119 varies betWeen V1 and V2, and an amplitude-modulated 
signal is produced. That is, When the signal magnetiZation 
having a strength in the range of H1 to H2 is detected, the 
magnetic ?ux density B in the magnetic head changes 
betWeen magnetic ?ux densities B1 and B2. According to 
FIG. 4, the reproducing characteristic of the magnetic head 
in the third embodiment is substantially identical to that of 
the ?rst embodiment. 
The variation of the input voltage betWeen V1 and V2 is 

caused by the operation described beloW. When the mag 
netic ?ux density B changes, the directions of magnetiZation 
of the third and fourth soft magnetic ?lms 103 and 104 
deviate from the initially oriented easy magnetiZation axis 
direction. Consequently, the permeabilities of the third and 
fourth soft magnetic ?lms 103 and 104 change, and thereby 
the impedance of the electrically conductive metal ?lm 101 
changes. The high frequency voltage supplied from the 
constant current high frequency oscillator 111 is changed by 
the impedance change. According to the results of various 
experiments conducted by the inventors by using magnetic 
recording media, in order to realiZe the operation shoWn by 
the B-H, curve of FIG. 4 With a high ef?ciently, it is desirable 
that the thickness of each of the third and fourth soft 
magnetic ?lms 103 and 104 be set to 50 nm or less. In 
particular, When the thickness of the third soft magnetic ?lm 
103 is set to 50 nm or less and the thickness of the fourth soft 
magnetic ?lm 104 is set to 35 nm or less, thus making the 
third soft magnetic ?lm 103 thicker than the fourth soft 
magnetic ?lm 104, a preferable impedance change rate is 
obtained. In the B-H curve, it is desirable that the rate of 
amplitude change betWeen the input voltages V1 and V2, 
that is the impedance change rate, is 10% or larger. When the 
thicknesses of the third and fourth soft magnetic ?lms 103 
and 104 are each set to 50 nm or less as described above, an 
amplitude change rate of 10% or larger can be obtained. 

Soft magnetic ?lms having different permeabilities can be 
easily fabricated by heat-treating a magnetic ?lm in a 
magnetic ?eld by varying the magnetic ?eld strength and the 
temperature. A CoNbZr-based amorphous material is used 
as the material for the ?rst soft magnetic ?lm 122, but other 
amorphous material may be used. FeTaN is used for the third 
and fourth soft magnetic ?lms 103 and 104, but any other 
magnetic material having excellent effective permeability at 
high frequencies, such as a Fe-based or Co-based magnetic 
metal ?lm or a magnetic oxide ?lm, can also be used. 
Further, copper is used for the electrically conductive metal 
?lm, but other metal ?lms made of such as Au, Ag, brass etc. 
having loW speci?c resistance are also usable. For the 
dielectric material forming the gap member 108, SiO2 is 
used in these embodiments, but instead, an alumina, glass, or 
other inorganic dielectric ?lm may be used. For the substrate 
121, a NiTiMg ceramic substrate is used, but a substrate of 
AlTiC, other ceramic material, glass-based material or even 
a carbon substrate may be used. Copper has been used for 
the heat conductive metal ?lm, but it is desirable to use Au, 
Ag, brass, or other metal having high heat conductivity. 

The recording and reproducing heads of the above 
mentioned embodiments may be mounted on a knoWn head 
positioning means and positioned over a knoWn magnetic 
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recording medium such as a magnetic disk. By this 
con?guration, a magnetic recording and reproducing appa 
ratus is achieved by using a single magnetic head. Since the 
same head can be used for both recording and reproduction, 
the construction of the apparatus is not only be simpli?ed, 
but the cost of the apparatus can also be reduced. 
What is claimed is: 
1. A magnetic head comprising: 
a ?rst soft magnetic ?lm formed on a part of a non 

magnetic substrate; 
a second soft magnetic ?lm having a thickness smaller 

than the thickness of said ?rst soft magnetic ?lm, said 
second soft magnetic ?lm being formed on said sub 
strate in contact With an end of said ?rst soft magnetic 

?lm; 
an electrically conductive metal ?lm formed on said 

second soft magnetic ?lm; 
a third soft magnetic ?lm having a thickness smaller than 

the thickness of said ?rst soft magnetic ?lm, said third 
soft magnetic ?lm being formed on said electrically 
conductive metal ?lm so as to contact said ?rst soft 

magnetic ?lm at an end of said third soft magnetic ?lm; 
a magnetic path portion of a soft magnetic ?lm formed on 

said substrate in contact With an end of each of said 
second and third soft magnetic ?lms, said magnetic 
path portion having a thickness greater than the thick 
ness of each of said second and third soft magnetic 

?lms; and 
a return path yoke facing said magnetic path portion at 

one end With a non-magnetic gap member interposed 

therebetWeen, contacting said ?rst soft magnetic ?lm at 
the other end, and facing said third soft magnetic ?lm 
at a central portion With a non-magnetic portion inter 
posed therebetWeen. 

2. A magnetic head comprising: 
?rst soft magnetic ?lm formed on a part of a non 

magnetic substrate; 
a second soft magnetic ?lm having a thickness smaller 

than the thickness of said ?rst soft magnetic ?lm, said 
second soft magnetic ?lm being formed on said sub 
strate in contact With an end of said ?rst soft magnetic 

?lm; 
an electrically conductive metal ?lm formed on said 

second soft magnetic ?lm; 
a third soft magnetic ?lm having a thickness smaller than 

the thickness of said ?rst soft magnetic ?lm, said third 
soft magnetic ?lm being formed on said electrically 
conductive metal ?lm so as to contact said ?rst soft 

magnetic ?lm at an end of said third soft magnetic ?lm; 
a magnetic path portion of a soft magnetic ?lm formed on 

said substrate in contact With an end of each of said 

second and third soft magnetic ?lms, said magnetic 
path portion having a thickness greater than the thick 
ness of each of said second and third soft magnetic 

?lms; 
a return path yoke facing said magnetic path portion With 

a non-magnetic gap member interposed therebetWeen, 
contacting said ?rst soft magnetic ?lm at the other end, 
and facing said third soft magnetic ?lm at a central 
portion With a non-magnetic portion interposed ther 
ebetWeen; 
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a high frequency signal oscillator for supplying a high 

frequency current to said electrically conductive metal 
?lm, said high frequency signal oscillator being con 
nected to respective ends of said electrically conductive 
metal ?lm; 

a DC poWer supply for supplying a DC current to said 
electrically conductive metal ?lm for generation of a 
bias magnetic ?eld, said DC poWer supply being con 
nected to said respective ends of said electrically con 
ductive metal ?lm; and 

a high frequency ampli?er connected to said respective 
ends of said electrically conductive metal ?lm. 

3. A magnetic head in accordance With claim 1, Wherein 
the thickness of said second soft magnetic ?lm is greater 

than the thickness of said third soft magnetic ?lm. 
4. A magnetic head in accordance With claim 1, Wherein 
a non-magnetic electrically conductive metal ?lm is 

formed in said non-magnetic portion, and a DC current 
for a DC bias magnetic ?eld is supplied to said elec 
trically conductive metal ?lm. 

5. A magnetic head in accordance With claim 1, Wherein 
copper or other metallic material having high heat con 

ductivity is disposed in said non-magnetic portion. 
6. A magnetic head in accordance With claim 1, Wherein 
a heat conductive metal ?lm is formed on said substrate, 

and said ?rst and second soft magnetic ?lms and said 
magnetic path portion are formed on said heat conduc 
tive metal ?lm With a heat conducting dielectric ?lm 
interposed therebetWeen. 

7. A magnetic head comprising: 
a ?rst soft magnetic ?lm formed on a non-magnetic 

substrate; 
a second soft magnetic ?lm formed in a region Where a 

portion of said ?rst soft magnetic ?lm has been 
removed (hereinafter referred to as Z region) and on the 
remaining ?rst soft magnetic ?lm, said second soft 
magnetic ?lm having a thickness smaller than the 
thickness of said ?rst soft magnetic ?lm; 

an electrically conductive metal ?lm formed on said 
second soft magnetic ?lm Within said Z region; 

a third soft magnetic ?lm formed on said electrically 
conductive metal ?lm and said second soft magnetic 
?lm, said third soft magnetic ?lm having a thickness 
smaller than the thickness of said ?rst soft magnetic 

?lm; 
a non-magnetic insulating ?lm as a gap member formed 

on portion of said third soft magnetic ?lm; 

a non-magnetic portion formed on said third soft magnetic 
?lm Within a portion corresponding to said Z region; 
and 

a soft magnetic ?lm as a return path yoke formed on said 
non-magnetic portion and said third soft magnetic ?lm. 

8. A magnetic head in accordance With claim 7, Wherein 
said non-magnetic portion formed in the portion corre 

sponding to said Z region is an electrically conductive 
metal ?lm. 

9. A magnetic head in accordance With claim 7, Wherein 
said second soft magnetic ?lm is thicker than said third 

soft magnetic ?lm. 




